We present the ultraviolet (UV) luminosity function of galaxies from the GALEX Medium Imaging Survey with measured spectroscopic redshifts from the first data release of the WiggleZ Dark Energy Survey. Our sample consists of 39 996, N U V < 22.8 emission line galaxies in the redshift range 0.1 < z < 0.9. This sample selects galaxies with high star formation rates: at 0.6 < z < 0.9 the median star formation rate is at the upper 95th percentile of optically-selected (r < 22.5) galaxies and the sample contains about 50 per cent of all N U V < 22.8, 0.6 < z < 0.9 starburst galaxies within the volume sampled.
INTRODUCTION
Many recent studies have measured a rapid rise in the global star formation rate moving from the present epoch back to redshifts of z ∼ 1 (as reviewed by Hopkins 2004) . These studies have generally used different measurements of star formation rate for galaxies at different redshifts, driven by what could be measured in the optical region of the observed wavelength spectra. The rest wavelength ultraviolet (UV) luminosity of galaxies is an important indicator of star formation rate (e.g. Kennicutt 1998 ) and is the most common method at high-redshifts (Hopkins 2004 ), but until recently very few UV measurements had been made of low-redshift galaxy populations.
The Galaxy Evolution Explorer (GALEX; see Martin et al. 2005 ) satellite with its far-UV (F U V ; 1350-1750Å) and near-UV (N U V ; 1750-2750Å) cameras has permitted extensive UV measurements of star formation at low redshifts. This work started with several measurements of the low-redshift (z < 0.25) UV luminosity function (Budavári et al. 2005; Wyder et al. 2005; Treyer et al. 2005) . Wyder et al. (2005) measured a star formation rate density about half that of earlier H-α results (Gallego et al. 1995) when using an extinction correction of AF U V ≈ 1 but noted the results were consistent considering the uncertainties, especially in the assumed extinction.
The GALEX studies were extended to higher redshifts (0.2 < z < 1.2) by using a sample of 1309 galaxies from a spectroscopic survey overlapping a deep GALEX field (Arnouts et al. 2005; Schiminovich et al. 2005) . The sample exhibited strong evolution in the F U V luminosity density of the form (1 + z) 2.5 up to z ≈ 1, with the most UV-luminous galaxies evolving even faster (∼ (1+z) 5 ). The most luminous galaxies (M < −19.3) were found to contribute as much as 25 per cent of the total luminosity density by a redshift of z ∼ 1 (Schiminovich et al. 2005) .
The rapid evolution of the contribution of massive galaxies has been investigated in a series of studies of how star formation rates evolve with redshift and stellar mass. Noeske et al. (2007b) measured star formation rates for some 3000 galaxies with spectroscopic redshifts from the All-wavelength Extended Groth strip International Survey (AEGIS; Davis et al. 2007 ). They found a relatively tight relation between star formation rates and stellar mass (the "main sequence of star formation"). This sequence keeps a constant slope but moves to lower rates with decreasing redshift. This evolution was modelled in terms of the specific star formation rates fading in all galaxies due to gas exhaustion, but with the peak of star formation occurring later (at lower redshift) for smaller galaxies (Noeske et al. 2007a) . Mobasher et al. (2009) obtained similar results from a study of 66,500 galaxies with photometric redshifts. Although they found that the relative contribution of massive galaxies to the total star formation rate remains constant out to z ∼ 1, the "characteristic" star formation rate (i.e. per galaxy) drops by an order of magnitude from z = 1 to z = 0.3. More importantly, they found that the contribution of massive galaxies to the overall star formation rate density was very small, indicating that the massive galaxies must have formed the bulk of their stars at earlier epochs, consistent with the results from the UV-selected samples (Arnouts et al. 2005) .
A major consequence of these observations is that if the most massive galaxies formed the vast bulk of their stars at epochs earlier than z ≈ 1, then they should contribute a negligible fraction of the total star formation rate density at later times. This is suggested by some of the observations (notably by Arnouts et al. 2005) , but for the most massive galaxies the samples are very small, due to the small volumes sampled.
In this paper we use a new, very large-volume sample of UV-luminous galaxies to measure the contribution of UVluminous galaxies to the Universe star formation over the redshift range 0.1 < z < 0.9, and the contribution of the most massive UV-luminous galaxies over 0.6 < z < 0.9. Our galaxy sample is taken from early observations of the WiggleZ Dark Energy Survey of UV-selected galaxies using the AAOmega multi-object spectrograph on the 3.9-m AngloAustralian Telescope (Drinkwater et al. 2010 ).
The galaxy sample we analyse in this paper is over 40 times larger than that of Arnouts et al. (2005) and so allows us to detect much rarer galaxies. In addition to measuring the contribution of these UV-luminous galaxies to the overall star formation rate of the Universe, we also determine the luminosity function of these galaxies. These luminosity functions can be used for a variety of purposes, such as testing semi-analytic models of galaxy formation and evolution, or generating a radial selection function for the WiggleZ survey.
In Section 2 we describe the sample of galaxies used, as well as our method of estimating star formation rates. In Section 3 we discuss the completeness of the galaxy sample and show what subsample of all galaxies are selected. We present the luminosity functions of the WiggleZ galaxies in Section 4. In Section 5 we analyse the luminosity functions and discuss the implications of the results, notably the evolution of star formation in the most massive galaxies in our sample and their contribution to the overall star formation rate. We summarise the main results in Section 6.
A standard cosmology of Ωm = 0.3, ΩΛ = 0.7 and h = 0.72 is adopted throughout this paper.
DATASET
The WiggleZ survey is described in detail by Drinkwater et al. (2010) . Here we present a brief review of the properties of the WiggleZ survey relevant to this work. In this paper we analyse the WiggleZ dataset observed prior to 2009 April that used data from the Sloan Digital Sky Survey Data Release 5(SDSS, Adelman-McCarthy et al. 2006) for the optical photometry. The corresponding regions on the sky are listed in Table  1 , and the criteria used to select targets for spectroscopic follow-up from the combination of ultraviolet and optical photometry are presented in Table 2 . The spectroscopic observations were prioritised to observe fainter targets first, according to the optical r-band magnitudes as listed in Table 2 .
The three regions contained 340 GALEX tiles and 73 793 WiggleZ targets. Spectroscopic observations obtained a reliable redshift for 45 869 of these targets. For details of the spectroscopic observations, redshift measurements and the reliability of these redshifts we refer the reader to Table 2 . The target selection criterion and prioritisation scheme used by the WiggleZ Survey, to select z > 0.5 emission line galaxies for spectroscopic follow-up from the combination of GALEX ultraviolet and SDSS optical photometry.
Property Criterion Note (1): the low redshift rejection (LRR) criterion uses optical photometry to reduce the number of low-redshift targets. Drinkwater et al. (2010) . In summary, we inspected all the WiggleZ spectra manually and gave the final redshift a quality number (Q) from 1 to 5. A reliable redshift corresponds to Q 3. The Q values of 3, 4 and 5 correspond to 83, 99 and 99.9 per cent of the redshifts being correctly measured. Any galaxies with broad emission lines were flagged as quasars at the inspection stage. These objects were removed from the sample analysed in this paper as our aim is to measure just the starburst galaxy population. We restrict the redshift range of our sample to 0.1 < z < 0.9 for two reasons. First, Blake et al. (2009) found that most of the redshift errors result in a galaxy being incorrectly assigned a z > 0.9 redshift. Second, this removes remaining stars and quasars in our sample that were not identified and flagged during redshifting. Using the identified quasars as a test case, we find that the z < 0.9 redshift cut removes 85 per cent of the identified quasars. It is important to note that this is indicative only. An arbitrary fraction of z < 0.9 Quasars may remain in our sample. The 0.1 < z limit removes 82 per cent of all identified stars (mainly Mdwarfs) from our sample. Applying these redshift cuts, we reduce the size of our sample slightly to 39 996 targets but remove most stars, quasars and incorrect redshifts.
We calculated luminosities of the galaxies in each band using k-corrections calculated with the kcorrect v4.1.4 library (Blanton & Roweis 2007) . We based the F U V luminosities on the N U V magnitudes because many of the galaxies in our sample were not detected in the F U V . For a complete description see Appendix A1. We show the distribution of absolute N U V and R magnitudes as a function of redshift for the sample in Figure 1 . The figure demonstrates the relatively narrow range of luminosity sampled by the survey at any given redshift.
We estimated star formation rates for the galaxies from their ultraviolet (1500Å to 2500Å) specific luminosities corrected for intrinsic dust extinction using the β-IRX relation (Meurer et al. 1999; Calzetti et al. 1994 Calzetti et al. , 2000 . We present details of these calculations in Appendix A. The resulting star formation rates for the sample are shown in Figure 2 . The figure shows that our sample contains significant numbers of starburst galaxies at redshifts above 0.5 (using the Cowie et al. (1996) definition of a starburst galaxy as one with SFR > 30 M⊙ yr −1 ). We have calculated the SFRs that would correspond to luminous infrared galaxies (LIRGs) and ultra-luminous infrared galaxies (ULIRGs), and compared them to the SFRs of WiggleZ galaxies. In Sanders & Mirabel (1996) , LIRGs and ULIRGS are defined as having infrared luminosities (over 8 to 1000 micrometres) exceeding 10 11 and 10 12 solar luminosities. Using equation 4 in Kennicutt (1998) Kennicutt (1998) can be modified to apply to quiescent Sb and later galaxies using the results in Buat & Xu (1996) . Sb and later LIRGs and ULIRGs have SFRs exceeding 36 and 360 M⊙ yr −1 . Irrespective of galaxy type, the SFRs of WiggleZ starburst galaxies therefore match those of LIRGs but not ULIRGs. Although two of the WiggleZ galaxies in Figure 2 have SFRs consistent with ULIRGs. Figure 2 . The SFRs for the galaxies in our sample as a function of redshift. The inset is an enlargement of the bottom right corner showing that the sample contains significant numbers of starburst (SFR> 30 M ⊙ yr −1 ) galaxies at z > 0.5. In both a red line marks the starburst galaxy criterion of Cowie et al. (1996) (SFR > 30 solar masses per year).
COMPARISON OF WIGGLEZ GALAXIES TO OTHER SAMPLES
The N U V flux limit of the WiggleZ survey tends to select star-forming galaxies, but the additional low redshift rejection (LRR) colour limits give a complex selection function. In this section we compare the WiggleZ galaxy sample to two reference samples defined by simple optical and UV flux limits. We use the optical sample (R < 22.5) to compare the WiggleZ galaxies to the entire underlying galaxy population. The UV sample (N U V < 22.8) allows us to determine how well the WiggleZ galaxies trace the starburst galaxy population. We selected both reference samples from the AEGIS region of the DEEP2 survey (Davis et al. 2003 (Davis et al. , 2007 . In addition to the DEEP2 imaging and spectroscopy, this region has very deep UV (90 separate GALEX exposures at MIS depth) and optical (Canada-France-Hawaii Telescope Legacy Survey; Martin et al. 2007) imaging. We simulated the WiggleZ sample that would be selected in this region by taking the mean counts after applying our selection criteria to the separate GALEX exposures. We provide details of the two reference samples and the weighting scheme that accounts for the DEEP2 spectroscopic completeness in Appendix B.
We find that WiggleZ (in the SDSS regions) selects 1.76 ± 0.05 per cent of 0.1 < z < 0.9 and 3.34 ± 0.11 per cent of 0.6 < z < 0.9, R < 22.5 optical galaxies. The uncertainty in these fractions is calculated assuming binomial statistics and propagating the uncertainty in the DEEP2 spectroscopic weights. These percentages can be understood by examining the effect of various WiggleZ selection cuts on R < 12.5, 21.5 < R < 22.5 and R < 22.5 galaxies, which are presented in Table 3 . We find that requiring R < 22.5 galaxies to be S/N 3, N U V < 22.8 GALEX MIS detections removes the majority of them at all redshifts. The remaining WiggleZ cuts remove ∼90% and ∼50% of the S/N 3, N U V < 22.8, R < 22.5 galaxies over 0.1 < z < 0.9 and 0.6 < z < 0.9. Table 3 . The fraction of R < 21.5, 21.5 < R < 22.5 and R < 22.5 galaxies satisfying various WiggleZ selection cuts. The fraction of these galaxy subsets that are eventually selected by WiggleZ are also shown. R < 22.5 galaxies selected additional 0.1 < z < 0.9 0.6 < z < 0. 1.76 ± .05 100 3.34 ± .11 100 R < 21.5 galaxies selected additional 0.1 < z < 0.9 0.6 < z < 0.9 cut/s % remain % WGZ % remain % WGZ none 100 2.16±.15 100 8.9 ± .5
2.16 ± .15 100 8.9 ± .5 100 21.5 < R < 22.5 galaxies selected additional 0.1 < z < 0.9 0.6 < z < 0.9 cut/s % remain % WGZ % remain % WGZ none 100 1.67±.07 100 2.04±.11 + N U V 32.72±.16 5.1 ± .2 26.9 ± .2 7.6 ± .4 detection + N U V 7.6 ± .1 22.0±1.0 5.87±.14 34.7±1.9 < 22.8 + N U V 5.4 ± .1 30.7±1.4 4.06 ± .13 50 ± 3 S/N 3 + WGZ 1 1.67 ± .08 100 2.04 ± .11 100 Note (1): WGZ refers to the remaining selection criteria listed in Table 2 .
Table 3 also shows that each of the N U V detection, N U V < 22.8 and S/N 3 requirements remove more 21.5 < R < 22.5 galaxies than R < 21.5 galaxies, at all redshifts. We propose that this is responsible for Figure 8 of Drinkwater et al. (2010) . Drinkwater et al. (2010) found that the median R magnitude of WiggleZ galaxies is around one magnitude brighter than the R < 22.5 limit of our reference sample.
To characterise which galaxies are selected by WiggleZ from the optical reference sample we compared the median star formation rates (SFR) of the respective samples as a function of redshift. The median values for both the WiggleZ and reference galaxies are scaled by the DEEP2 spectroscopic completeness weights. We calculated the SFRs from the B magnitudes for consistency, because not all the DEEP2 galaxies are matched to a GALEX source. We used a cross k-correction from the B-band to a 1500Å to 2500Å tophat filter, and then applied the Kennicutt relation (Kennicutt 1998 ). We do not correct for the internal dust extinction, because we do not have the data to apply a consistent correction to all galaxies in the optical sample. The results in Figure 3 show that the median SFR of Figure 3 . Median star formation rates in WiggleZ galaxies compared to optically-selected galaxies. The distribution of SFR in WiggleZ galaxies is shown by plotting the median (red line) and the 25 th and 75 th percentiles (red dotted lines) as a function of redshift. Similarly the distribution of SFR in the optical reference galaxies is plotted as percentiles (5 th to 95 th ; solid lines) against redshift. The SFR values are not corrected for internal dust extinction (see text). At redshifts greater than z = 0.6, the median star formation rates of WiggleZ galaxies put them in the top 5 per cent of optical galaxies by SFR. Note that the WGZ 75 th percentile merges into the 50 th percentile at z > 1.
WiggleZ galaxies is greater than that of the optical galaxies at all redshifts: the WiggleZ selection criteria identify starforming galaxies as desired. Figure 3 does, however, reveal a change in the WiggleZ selection at z ∼ 0.6. WiggleZ galaxies are among the most highly star-forming galaxies at z > 0.6 (the median SFR is at the 95 th percentile of the optical sample), but this drops to only around the 75 th percentile at z < 0.6. This decrease in the median WiggleZ SFR at z < 0.6 is a consequence of using the LRR cuts, which we found preferentially removes galaxies from the sample that are bluer in N U V − r for a given g − r colour. This was not considered during design of the LRR cuts and is an unintended side-effect.
Finally, we assess how well the WiggleZ galaxies trace the starburst galaxy population (defined as galaxies with SFR > 30 M⊙ yr −1 Cowie et al. 1996) . We calculated the SFRs from the N U V magnitudes, but (as above) did not calculate individual dust corrections for each galaxy. We instead used a constant correction of 1 magnitude of extinction (based on Fig. A2 , Appendix A2) for all galaxies before applying the starburst criterion 1 . The fraction of N U V < 22.8 starburst galaxies that are WiggleZ galaxies, were cal-1 The choice of global dust correction effectively determines the DEEP2 N U V < 22.8 starburst galaxies when combined with the SFR> 30 M ⊙ yr −1 criterion. As seen in Figure 3 , WiggleZ galaxies trace the upper envelope of DEEP2 SFRs. For this reason we use the median of the individual WiggleZ dust corrections to define the DEEP2 N U V < 22.8 starburst sample. This global dust correction is too small for the most highly starforming DEEP2 galaxies, but the distribution of SFRs within the sample is irrelevant for this particular analysis. culated at each redshift 2 using the spectroscopic completeness weights determined above.
The results, in Figure 4 , show that the WiggleZ sample selects about 50 per cent of the N U V < 22.8 starburst galaxy population over the redshift range 0.6 < z < 0.9. Based on Figure 3 we might expect the fraction of starburst galaxies to be even higher. This is because the interquartile range of the WiggleZ galaxies SFRs in Figure 3 straddles the 95 th percentile of DEEP2 galaxy SFRs for z > 0.6. The 50 per cent detection rate is due to the photometric uncertainty and incompleteness of the GALEX MIS photometry. Inspection of the N U V < 22.8 starburst galaxies showed that virtually all of them are selected as a WiggleZ galaxy using the photometry of at least one GALEX MIS observation, but only ∼50 per cent are selected using any single observation. The explains the difference between the results in Figure 4 and our initial expectations of higher completeness rates, that were based on the SFR distributions in Figure 3 .
If we use r-band luminosity as a proxy for stellar mass, it is reasonable to assume from Figure 1 that our sample contains the most massive, 0.6 < z < 0.9, N U V < 22.8 starburst galaxies within the sample volume. If there were more massive, 0.6 < z < 0.9, N U V < 22.8 starburst galaxies, then there would not be a dearth of Mr < −22 galaxies within the survey selection limits in Figure 1 . This is particularly telling as the missing 0.6 < z < 0.9, Mr < −22, N U V < 22.8 starburst galaxies are much more likely to make it into our sample than the Mr > −22, 0.6 < z < 0.9, N U V < 22.8 galaxies. We can apply similar reasoning to the combination of Figures 1 and 2 , and argue that our sample is representative of the SFRs of 0.6 < z < 0.9, N U V < 22.8 starburst galaxies.
We compare the 0.6 < z < 0.9, N U V < 22.8 starburst galaxy sample to LIRGs, to put them and WiggleZ starburst galaxies into proper context. We have already found that the SFRs of 0.6 < z < 0.9, N U V < 22.8 starburst galaxies (and WiggleZ starburst galaxies) are consistent with LIRG SFRs. Here we compare the population counts. We calculate the expected number of 0.6 < z < 0.9, R < 22.5 LIRGs using the evolving IR luminosity function in Le Floc'h et al. (2005) . We numerically integrate this evolving IR luminosity function over IR luminosities of 10 11 to 10 11.4 and redshifts of 0.6 < z < 0.9. The integration is stopped at an IR luminosity of 10 11.4 instead of the LIRG definition of 10 12 , because this approximates an R < 22.5 cut (see Figure 15 of Le Floc'h et al. (2005)). We find that 0.6 < z < 0.9, N U V < 22.8 starburst galaxies constitute ∼7% of the 0.6 < z < 0.9, R < 22.5 LIRG population. When we relax the R < 22.5 cut this becomes ∼6%. UVluminous starburst galaxies are an appreciable, but minor, component of the entire 0.6 < z < 0.9, R < 22.5 starburst galaxy population (assuming they are all LIRGs).
THE LUMINOSITY FUNCTION OF WIGGLEZ GALAXIES
We calculated the luminosity function using the SchmidtEales (Schmidt 1968; Felten 1976; Eales 1993) estimator, hereafter referred to as the 1/VMAX estimator, with some modifications to include our selection function. In the simple case of N galaxies where each galaxy has completeness Ci and maximum observable volume VMAXi, the luminosity function at luminosity M is,
(e.g., Wyder et al. 2005) . For the WiggleZ survey we allow the completeness to vary with redshift and position on the sky by writing
The redshift limits zmin, i and zmax, i correspond to the redshift range over which a galaxy satisfies the survey selection criteria (limits in N U V , r, N U V − r and the LRR colour cuts; see Table 2 ). We split the full survey into M small regions of sky (based on the GALEX tiles 3 ) over which the completeness does not vary with position. The volume element in each region of area Aj , between redshifts z and z + dz, is then dV (z, Aj). Dust corrections were not incorporated into the selection function, because we used dust corrected photometry (corrected using local dust corrections) to create the WiggleZ sample.
The completeness Cij(z) of galaxy i in the survey at a given redshift and position on the sky is the product of terms describing the input catalogues, spectroscopic observations and the use of aperture photometry for the F U V magnitudes,
The terms CNUV,i,j and Cr,i,j describe the completeness of the GALEX MIS and SDSS photometry, respectively. The probability that a redshift is obtained for this galaxy via spectroscopic observation is encapsulated by the term, Cspec,i,j. The final term, CF U V ap,i,j , is an effective completeness, describing the probability that the F U V − N U V colour criterion is satisfied. We assume that these components are independent and separable. Each of these terms and the methods we used to measure them is described in detail in Appendix C.
The summation of 1/VMAX values measures the integrated luminosity function, Φ(M ). The differential luminosity function, φ(M ), is obtained by dividing by the magnitude interval used to bin galaxies when summing 1/VMAX values. We note that it is important to explicitly account for the survey selection boundaries in redshift-luminosity space when converting Φ(M ) to φ(M ). The survey selection boundaries reduce the effective magnitude interval of the brightest and faintest magnitude bins at all redshifts. In practice, only the faintest galaxies at every redshift are affected. This is because only the faintest galaxies in our sample met the survey selection limits in redshift-luminosity space (see Figure 1) . At all redshifts the luminosity function of the faintest galaxies appeared erroneously low when the selection boundaries in redshift-luminosity space were neglected.
We calculated uncertainties in the individual VMAX values by propagating the uncertainties in the survey window function and selection function, and then allowing for discretisation of the redshift values used to measure the observable redshift ranges. We used boot-strap resampling to estimate the effect of outliers on the luminosity function measurements. A small number of extremely small or large VMAX values can distort the luminosity function measurements, because it is a summation of 1/VMAX values. We present an analysis of the reliability of our VMAX measurements in Appendix D1.
We present the resulting N U V luminosity functions in 16 redshift bins in Figure 5 . We also calculated the luminosity functions with a correction for the low-redshift rejection cuts. Using WiggleZ data taken prior to the inclusion of the LRR cuts, we measured the fraction of galaxies that are removed by them in r magnitude-redshift space (described in full in Appendix Section D2). The LRR corrections are the inverses of these fractions. The LRR-corrected luminosity functions are shown in Figure D5 . We also calculated r-band optical luminosity functions without and with the LRR corrections; these are shown in Figures D6 and D7 . The numerical values and uncertainties for all the luminosity functions are given in Appendix D4.
Schechter function fits
We fitted Schechter functions to all the luminosity functions using the Levenberg-Marquardt method of non-linear χ 2 minimisation. This method provides uncertainties for each of the parameters through a full covariance matrix. We excluded the brightest magnitude bin from each fit to minimise Figure 5 . The N U V luminosity functions of WiggleZ galaxies at 16 independent redshifts. The solid, dashed, dot-dash and dotted lines correspond to Schechter function fits using a fixed faint-end slope of α = -0.5, -1.0, -1.5 and -2. The vertical lines indicate the fitted M * parameters for these fits using the same line styles. We can fit Schechter functions that are consistent with our data, but the parameters are poorly constrained. The α = −1, 0.4 < z < 0.45 fit is overplotted in blue as a visual reference.
the effect of any remaining quasars in our sample, and account for the fact that the Schechter function is known to deviate from measured luminosity functions at the brightest magnitudes (Schechter 1976) . At higher redshifts, the WiggleZ data do not contain any information about the faint-end slope, α because of the small luminosity range sampled. We accounted for this by keeping α fixed. We used α values of -0.5, -1, -1.5 and -2 to span the range of α values in the literature (e.g. Arnouts et al. 2005; Treyer et al. 2005) . We only fitted the normalisation, φ*, and the position of the 'knee' in the luminosity function, M *.
The resulting Schechter functions are plotted over the luminosity functions in Figures 5, D5 , D6 and D7. We also plot vertical lines marking the value of M * according to the different slopes used. The Schechter functions match the data well over the luminosities fitted, independent of the value assumed for α and the application of a LRR cut correction. The reduced χ 2 for all of these fits is of order one. The one exception is that fits to the LRR-corrected, z < 0.55 optical data only converge for α = −0.5. The Schechter function does not fit the data well at the bright end of the luminosity functions. The N U V data are systematically higher than the Schechter fits at luminosities above MNUV ≈ −21.5. The r-band luminosity functions do not present such pronounced deviations from the Schechter function, but this may be because we are not sampling luminosities greater than M * in the r band data (see Figure  1 ). We discuss possible explanations for the deviation in the next section. The Schechter function parameter values and the reduced χ 2 values for the N U V and r luminosity functions are presented in Appendix D4.
The M * values for the α = −1 fits are overlaid on the WiggleZ galaxies and selection boundaries in Figure 1 . Consistent with our earlier analysis in Section 3, in Figure 1 the WiggleZ galaxies transition from ∼ MNUV * to brighter than MNUV * UV galaxies at z = 0.6. At the same redshift, WiggleZ galaxies transition from fainter than Mr* to ∼ Mr* optical galaxies. As the WiggleZ sample is a good tracer of the highly star-forming galaxy population, this implies that at these redshifts (0.6 < z < 0.9) the majority of highly star-forming UV-luminous galaxies are luminous Mr* optical galaxies.
Although our individual luminosity function measurements are accurate, the luminosity range is too small to put Figure 6 . Schechter function fits to the N U V luminosity functions. The ellipses give 68 per cent confidence intervals for M * and φ*; the faint end slope was fixed at α = −1. The solid curves are for the raw luminosity functions and the dotted curves are for the LRR-corrected luminosity functions, colour coded according to redshift: 0.1 < z < 0.3 (black); 0.3 < z < 0.5 (red); 0.5 < z < 0.7 (green) and 0.7 < z < 0.9 (blue). The black squares and crosses show values measured by Budavári et al. (2005) and Treyer et al. (2005) respectively; the circles show values from Arnouts et al. (2005) , using the same colour coding for redshift.
strong constraints on all three Schechter function parameters. The joint confidence intervals in M * and φ* in Figure  6 exhibit significant degeneracy between the two parameters at each redshift. Figure 6 shows how the fitted luminosity function parameters evolve as redshift increases from left to right. The fits to the uncorrected luminosity functions (solid curves) show a rapid increase in M * luminosity over the redshift range 0.1 < z < 0.5 values (black then red curves). However the fits to the corrected functions (dotted curves) show less change, albeit with large uncertainties. Furthermore the values of M * are also strongly dependent on the faint end slope for these low-luminosity samples, so we cannot make any firm conclusions about the evolution of the fits at low (z < 0.5) redshifts. We do note, however, that a similarly rapid change in M * over the same redshift range was reported by Arnouts et al. (2005) .
At higher (z > 0.5) redshifts (the green and blue curves in Figure 6 ), M * increases steadily but less rapidly with redshift and the fits to the raw and corrected luminosity functions are much more consistent. However we note that the confidence intervals become more elongated at the highest redshifts as there are fewer galaxies to constrain the normalisation of the luminosity function. The change in evolution of the fitted parameters around redshift z = 0.5 can largely be explained by a change in the galaxy population at these redshifts, as can be seen in Figure 1 .
We also show previous measurements of M * and φ* from fits to the luminosity function in Figure 6 values for blue (late type) galaxies in their samples to best correspond to the WiggleZ galaxies. The previous measurements are generally consistent with the WiggleZ measurements apart from the second value (at 0.1 < z < 0.2) by Treyer et al. (2005) at (M * , log Φ) = (−18.7, −2.8) which has a normalisation Φ below the WiggleZ value. This difference may be explained by the different populations sampled by the two surveys at this redshift. The sample in Treyer et al. (2005) has a N U V magnitude limit 2.8 magnitudes brighter than that of WiggleZ and 1.5 magnitudes brighter than the 0.07 < z < 0.25 sample in Budavári et al. (2005) , and does not exclude galaxies with the bluest N U V − r colours as WiggleZ does. Treyer et al. (2005) stated that their 0.1 < z < 0.2 sample is dominated by bluer galaxies, so it is likely that this sample is dominated by galaxies with higher SFRs than 0.1 < z < 0.2 WiggleZ galaxies. This may be a contributing factor to the discrepancy in the F U V luminosity functions of Budavári et al. (2005) and Treyer et al. (2005) , which was identified in Budavári et al. (2005) .
In Figure 7 we show the evolution of the fitted values of M * over the whole redshift range for both the raw and corrected luminosity functions. The values are consistent at high redshift (z > 0.5), but differ at lower redshifts where the LRR correction is being applied. We also note that the fitted value of M * is poorly constrained by our data at lower redshifts: the value is quite sensitive to the faint-end slope α adopted for the fit leading to systematic uncertainties larger than the statistical uncertainties shown in the figure. We therefore restrict our discussion to the high-redshift WiggleZ data points. In the high-redshift region, our values of M * increase as redshift increases. This is consistent with previous reports of strong evolution in M * (Arnouts et al. 2005; Budavári et al. 2005; Treyer et al. 2005 ), although we cannot confirm the even more rapid evolution at low redshifts.
The evolution of the characteristic maximum galaxy lu-minosity (i.e. M * in Figure 7 ) was used by Scannapiecoet al. (2005) to test a model of galaxy formation where star formation is inhibited by energy injected by central black holes ("AGN feedback"), leading to cosmic downsizing, the steady decrease in the size of the most active star forming galaxies. To test their model, Scannapiecoet al. (2005) compared the measured M * values in Arnouts et al. (2005) to their predicted 1500Å M *, for various levels of feedback efficiency 4 . We show the evolution in M * predicted by Scannapiecoet al. (2005) for 3 different levels of AGN feedback as well as the measurements for blue/early type galaxies by Arnouts et al. (2005) , Budavári et al. (2005) and Treyer et al. (2005) .
The WiggleZ measurements (at the reliable redshifts z > 0.5) extend the previous comparison to much higher redshift. The WiggleZ measurements are generally consistent with the model predictions. We also observe a potential trend of WiggleZ measurements to evolve quicker than the model predictions. This is most noticeable at z > 0.6, where it can be argued that the WiggleZ measurements move from the 2.5 per cent feedback relation at z = 0.9 to the 5 per cent feedback relation at z = 0.6. The SFRs and stellar masses (using r-band luminosity as a proxy for stellar mass) of WiggleZ galaxies increases with redshift. If the trend in our data is real (evolving from one feedback relation to another), then the Scannapiecoet al. (2005) model would need to explain an AGN feedback efficiency that increases with one or more of the following: time, stellar mass and SFR.
DISCUSSION
In this section we discuss the evolution of the most luminous WiggleZ galaxies, as well as their contribution to the total cosmic star formation rate. We also examine the deviation of the WiggleZ luminosity functions from a Schechter function at bright magnitudes.
Evolution of density and SFR density
We analysed a region in redshift-luminosity space that was fully sampled by WiggleZ, i.e. completely within the selection boundaries. In particular, we only used galaxies at redshifts z 0.6 to analyze a consistently-selected galaxy population and minimise the effects of the LRR cuts. We adopted a luminosity range of −21 < MNUV < −22.5 and redshift range 0.6 < z < 0.9. The lower luminosity limit approximately corresponds to a star formation rate of 30 M⊙ yr −1 so these galaxies are all starburst galaxies. We modelled the evolution of each sample by fitting the power law index γ to functions of the form, (1 + z) γ , to the co-moving number and star formation densities. We repeated the analysis on the galaxy numbers with the LRR correction applied. We plot the number density and star formation density values as a function of redshift in Figure 8 and list the fitted power laws in in Table 4 .
The luminous WiggleZ galaxies show a rapid evolution Figure 8 . Evolution of number density (upper panel) and star formation density (lower panel) of luminous WiggleZ galaxies. These are calculated over the luminosity (−21 < M NU V < −22.5) and redshift (0.6 < z < 0.9) ranges completely sampled by the survey. In each panel the upper (blue) points are corrected for the galaxies removed by the LRR colour limits. The fits in Table 4 are plotted with dashed lines in both panels. For each sample the evolution was fitted by a function of the form (1 + z) γ to the number density or star formation density. This was calculated at redshifts fully sampled by the survey at these luminosities: 0.6 < z < 0.9.
in both number density: γ = 6.5 ± 0.9, and star formation rate density: γ = 5.4 ± 0.9. The evolution is slightly slower when corrected for the LRR cuts: this is as expected because the correction increases the number of galaxies at z < 0.6. This evolution is much more rapid than observed in normal galaxies (e.g. γ ≈ 2.5; Hopkins 2004). As we noted in the introduction however, UV-luminous galaxies are known to evolve faster, with γ ≈ 5 for the MF U V < −19.3 (MNUV < −19.5) galaxies measured by Schiminovich et al. (2005) . Our results show that this trend continues to even more luminous galaxies: the WiggleZ galaxies have luminosities brighter by a magnitude or more. We expect the most UV-luminous galaxies in our sample to be the most massive, because of the N U V − r colour cuts. At these redshifts the most massive star-forming galaxies in our sample therefore exhibit the fastest decline in star formation rate with time: in Section 5.2 below we examine the contribution of these extreme galaxies to the total star formation rate of the Universe.
Contribution of luminous galaxies to total cosmic star formation density
In Figure 9 we compare the contribution of the luminous WiggleZ galaxies (described in the previous section) and the full WiggleZ sample to the total cosmic star forma- Figure 9 . The contribution of all WiggleZ and WiggleZ starburst galaxies to the total cosmic star formation rate density as a function of redshift. Top panel: the SFR density of all WiggleZ galaxies (asterisks) and WiggleZ starburst galaxies (circles). The solid curve is the total cosmic star formation density estimated by Hopkins & Beacom (2006) . Bottom panel: the fraction of the cosmic SFR density contributed by all WiggleZ ( * ) and WiggleZ starburst galaxies (circles).
tion rate density. Both samples have been corrected for the LRR cuts. We also show in the same figure a parameterised measurement of the cosmic SFR density from Hopkins & Beacom (2006) . Note that we first apply a scale factor of 2.0 (Hopkins & Beacom 2006) to correct the total SFR density from the Baldry & Glazebrook (2003) initial mass function (IMF) used by Hopkins & Beacom (2006) to the Salpeter (1955) IMF used in this paper. The fractional contribution of the WiggleZ samples to the total star formation rate is shown in the lower panel of Figure 9 . The SFR density and fractional contribution of the full WiggleZ sample peaks with a 40 per cent contribution at a redshift of z = 0.4. (Similar evolution is observed in the uncorrected WiggleZ sample, but the contribution to the total cosmic SFR density peaks at ∼ 11 per cent around z ∼ 0.4.) The peak occurs because this is the redshift at which the WiggleZ galaxies best sample the MNUV * region of the luminosity function that contributes most to the integrated SFR. In contrast, in the optical r band, the WiggleZ galaxies at this redshift are all less luminous than Mr*, peaking at about Mr*+1.5 (see lower panel of Figure 1 ). This means that at least 40 per cent of all star formation is taking place in galaxies less luminous than Mr* by a redshift of z = 0.4.
The fractional contribution of the luminous (−21 < MNUV < −22.5, starburst) WiggleZ galaxies to the cosmic SFR density is almost constant over this redshift range 0.6 < z < 0.9, at about 1 per cent of the total density estimated by Hopkins & Beacom (2006) . This value is consistent with the earlier measurements by Schiminovich et al. (2005, ; their Figure 5 ). We measure a LRR corrected SFR density of, 10 −3.25±0.05 M⊙ yr −1 Mpc −3 , for our starburst galaxies at z = 0.875, after removing the ∼0.9 magnitude dust correction applied to the values in Figure 9 . The corresponding total SFR density measured by Schiminovich et al. (2005) at z = 0.9 from MF U V < −19.32 galaxies is log(ρ * ) = −2.31
(correcting for the 25 per cent of the total contributed by these galaxies, but not correcting for internal dust). The discrepancy between the SFR densities can be attributed to our brighter sample, as their sample includes ∼ MF U V * at z = 0.9, but WiggleZ galaxies are brighter than MF U V * at this redshift. Our key result from this section is that we have been able to separate the contribution of the most UV-luminous galaxies (−21 < MNUV < −22.5) to total cosmic SFR density for the first time. The contribution of these galaxies to the total SFR density is around 1 per cent over the the redshifts we studied (0.6 < z < 0.9). We expect that these galaxies are also the most massive galaxies in our sample (due to the N U V − r colour cuts), and that they are the most massive, UV-luminous, 0.6 < z < 0.9 starburst galaxies (using survey selection limit arguments and Mr as a stellar mass proxy). This confirms the prediction we make in the introduction that the most massive, UV-luminous galaxies should have formed the bulk of their stars before a redshift of z ≈ 1.
Our results are consistent with previous observations of the contribution of IR-luminous galaxies to the Universe SFR density. Le Floc'h et al. (2005) found that LIRGs contribute at least 50% of the Universe SFR density at z ∼ 1. This was confirmed by subsequent analyses in Caputi et al. (2007 ) & Magnelli et al. (2009 . All three also observed that the dominant contribution to the Universe SFR density transitioned from quiescently star forming galaxies to LIRGs between z = 0.7 and z = 0.9. These previous observations are consistent with both the declining contribution of WiggleZ galaxies to the Universe SFR density from z = 0.4, and the negligible contribution of UV-luminous starburst galaxies at z ∼ 1.
Models of IR-luminous galaxies contribution to the Universe SFR density are also consistent with our results. Models in Hopkins et al. (2010 ) & Sargent et al. (2012 , which were tested against observed IR luminosity functions, demonstrated that z < 1 LIRGs are predominantly powered by quiescent star formation. They also showed that starbursts contribute ∼ 10% of the Universe SFR density at z ∼ 1, declining to ∼ 5% at z = 0. The contribution of UV-luminous starburst galaxies that we measure is well within these model predictions. These results are consistent with our finding (see Section 3) that UV-luminous starburst galaxies are an appreciable (∼7%), but minor, component of the entire starburst galaxy population at 0.6 < z < 0.9.
Bright end of the luminosity functions
The N U V luminosity functions in Figure 5 deviate from the Schechter function fits at the bright end. In this section we examine the cause of these deviations and derive an analytic description of the high-luminosity behaviour of the luminosity functions.
We first re-examined the spectra of the most luminous WiggleZ galaxies. At the redshifts where significant deviations from the Schechter function fit were evident (0.6 < z < 0.9) we selected the galaxies within 0.5 mag of the most luminous, giving a sample of 99 spectra. Approximately a third had broad ( 1000 km s −1 ) lines indicating quasars or AGN and the rest were emission line galaxies. This shows that not all quasars were identified by inspection of the spectra (and removed from our sample). We note that the identifi-cation of quasars in this way was not intended to be complete. At high redshifts (z > 0.75) the quasar ultraviolet rest-wavelength lines (MgII at 2798Å, and the bluer lines) are relatively easy to identify as having broad components in our low signal-to-noise spectra. By contrast, quasars at lower redshifts (z < 0.75) are only identifiable if they have sufficiently good spectra that a broadening of the Hβ line can be identified. This is demonstrated in Figure 10 , where the spectra of z ∼ 0.75 and z ∼ 1 quasars in the WiggleZ sample are plotted. We expect the manual identification rate of Quasars in our sample from emission lines to increase with redshift. We also expect the number density of Quasars to increase with redshift. Combining geometric projection effects with increasing Quasar density and increasing Quasar identification rates, we expect Quasar contamination to occur over 0.5 < z < 0.9.
Given the difficulty of removing all quasars based on the WiggleZ spectra, we instead measured any residual quasar contributions to the luminosity functions by fitting a modified Schechter function, with extra contributions from both quasars and a possible power-law extension at high luminosities.
For the quasar contribution, we calculated the quasar N U V luminosity function using the qlf calculator code (Hopkins et al. 2007 ). This code calculates the monochromatic dΦ/d(log 10 L) luminosity function in AB magnitudes at a given redshift and observing frequency. We calculated the central frequency of the GALEX N U V filter to be 1.2946 × 10
15 Hz, then scaled the output by 0.4 to obtain the dΦ/dM luminosity function used here. We allowed the fraction of the quasar luminosity function contributing to the WiggleZ counts to vary as a free parameter.
The Quasar luminosity function is not necessarily representative of the Quasar contribution. For example, the fraction of the Quasar luminosity function that contributes to the WiggleZ luminosity function may vary with luminosity. Fortunately the WiggleZ luminosity function was calculated using the 1/VMAX estimator. This means that any luminosity dependent contribution of the Quasar luminosity function is averaged over bins of 0.5 magnitude. Similarly, we are fortunate that the WiggleZ luminosity function is orders of magnitude larger than the Quasar luminosity function until the very brightest luminosities. This means that the Quasar contribution is only of concern for the few brightest magnitude bins. Taking into account both effects, we expect a scaled Quasar luminosity function to be a good first order approximation of the actual Quasar contribution to the WiggleZ luminosity function.
For the high-luminosity extension, we replaced the normal Schechter function with a power-law term of the form Φ = 10 γM +θ at luminosities above a 'break' luminosity L0. We required that the power law match the slope of the normal function at the transition luminosity, so L0 was the only free parameter in this extra component.
We found the best fitting model for each luminosity function out of the following possibilities: pure Schechter function; pure Schechter function + quasar luminosity function; extended Schechter function, and extended Schechter function + quasar luminosity function. We tested a range of break luminosities L0, and scalings of the quasar N U V luminosity function. The best fitting model for each luminosity function according to χ 2 minimisation is shown in Figure 11 . Note that a more complex model was only chosen if the penalty (measured with the Akaike information criterion; Akaike 1974) associated with increasing the number of free parameters is offset by the improvement to the χ 2 value of the fit. At all redshifts above z = 0.55, the best fitting models in Figure 11 required the extended Schechter function. Somewhat surprisingly, in only two cases (0.6 < z < 0.65 and 0.8 < z < 0.85) was a contribution from the quasar luminosity function also justified. At these redshifts, the quasar contribution is probably real and the scalings of 0.5±0.17 (0.6 < z < 0.65) and 0.17±0.08 (0.8 < z < 0.85) correspond to a significant fraction of the quasar population. Applying the LRR corrections does not significantly alter the need for a Quasar contribution at these redshifts. A Quasar contribution is still required for the 0.6 < z < 0.65 LRR corrected N U V LF. It is also required initially for the 0.8 < z < 0.85 LRR corrected N U V LF, but is marginally rejected after applying the AIC penalty.
When we analyse the final WiggleZ survey data we will obtain precise luminosity functions that extend to brighter luminosities. The selection boundaries of the WiggleZ survey in Figure 1 show that the complete WiggleZ sample has the potential to extend the luminosity functions by half a magnitude at z ∼ 0.6 or 1.5 magnitudes at z ∼ 0.9. This will allow us to repeat this analysis and improve our characterisation of the bright end as a combination of residual quasar contamination and intrinsic deviation.
CONCLUSIONS
We have used the WiggleZ Dark Energy Survey to measure the properties of UV-luminous galaxies at redshifts up to z = 0.9. We demonstrated that the WiggleZ galaxies reliably trace the starburst galaxy population over the range 0.6 < z < 0.9. We constructed luminosity functions of the WiggleZ galaxies and determined their contribution to the total cosmic star formation rate (SFR) density. The details of these results are as follows.
(i) We have characterised the properties of galaxies selected for the WiggleZ survey by comparison with a deep optical reference sample. We found that WiggleZ selects 1.76±0.05 per cent of all 0.1 < z < 0.9, R < 22.5 opticallyselected galaxies and 10.1±0.3 per cent of all 0.1 < z < 0.9, R < 22.5, N U V < 22.8 UV-selected galaxies. The median SFR of WiggleZ galaxies sits on the 50 th percentile for optically-selected galaxies at z 0.3. The median WiggleZ SFR moves to higher percentiles at higher redshifts, until at z > 0.6, WiggleZ galaxies have a median SFR in the 95 th percentile. If we define starburst galaxies as those having SFR > 30 M⊙ yr −1 (Cowie et al. 1996) , then the WiggleZ selection criteria should include all N U V < 22.8 starburst galaxies at redshifts above z = 0.6. We showed that the WiggleZ sample contains approximately 50 per cent of the 0.6 < z < 0.9, N U V < 22.8, starburst galaxy population in our sample volume, consistent with the observational completeness at these magnitudes.
(ii) We measured the maximum observable volumes, VMAX , for 39 966 galaxies from the first public data release (DR1) of the WiggleZ Survey. Using these VMAX values we constructed luminosity functions for the WiggleZ galaxies in the GALEX N U V and the SDSS r bands.
(iii) Our large sample size allowed us to separate the contribution of the most UV-luminous (−21.5 < MNUV < −22.5, i.e. starburst galaxies) galaxies to the total cosmic star formation. These galaxies have a measured SFR density of 10 −2.7 M⊙ yr −1 M pc −3 and it evolves as Φ ∝ (1 + z) 5±1 , consistent with the trends seen in previous analysis of a smaller sample (Schiminovich et al. 2005) . We showed that the contribution of these galaxies to the total cosmic SFR density is already less than 1 per cent of the total at a redshift of z = 0.9 and that it remains at this low level over the redshift range measured (0.6 < z < 0.9). This confirms the expectation (Arnouts et al. 2005 ) that the majority of massive galaxies will have formed the bulk of their stars before a redshift of z ≈ 1. The negligible contribution of UV-luminous starburst galaxies to the Universe SFR density is also consistent with previous observations and model predictions: Le Floc'h et al. (2005) (iv) We derived analytic fits to the luminosity functions by extending the functional form of the Schechter function and including a contribution from quasars. We extended the Schechter function by having it smoothly transition to a power-law form at high luminosities. We included a possible contribution from quasars, due to residual quasar contamination of our sample. We selected the best fitting model for each luminosity function using χ 2 minimisation. These fits showed that the extended Schechter function is a better fit than the traditional Schechter function for most redshifts in the range 0.55 < z < 0.9; there is also evidence of residual quasar contamination for 0.6 < z < 0.65 and 0.8 < z < 0.85.
(v) The analytic fits to the luminosity functions can be used to measure the radial selection function of the WiggleZ survey or test models of galaxy formation and evolution. In this paper we compared the analytic fits to predictions for an AGN feedback model in Scannapiecoet al. (2005) . The WiggleZ M * NUV values are consistent with the models in Scannapiecoet al. (2005) . We also note a potential evolution in the WiggleZ M * NUV values that is faster (with redshift) than predicted in Scannapiecoet al. (2005) . If this trend in our data is real, the AGN feedback efficiency needs to increase (over 0.1 < z < 0.9) with one or more of the following: time, stellar mass and SFR.
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APPENDIX A: CALCULATING LUMINOSITIES AND SFRS

A1 Galaxy luminosities
We used the kcorrect v4.1.4 library (Blanton & Roweis 2007) to measure k-corrections for each band and each galaxy. The kcorrect library uses non-negative matrix factorisation to fit the best combination of an eigenset of four spectral energy distributions (SEDs) with positive definite coefficients that matches the observed SED and redshift of a galaxy. The observed SEDs of WiggleZ galaxies were constructed from GALEX F U V , N U V and SDSS ugriz photometry. Due to the extreme blue colours of the WiggleZ galaxies, kcorrect sometimes fails and fits a single SED (the bluest) instead of a linear combination. We overcame this problem by using a single k-correction (the median) value for all the galaxies at a given redshift (and band). We only Figure A1 . K-corrections applied to the WiggleZ galaxies as a function of redshift. The value is the median for all galaxies at each redshift for which reliable, individual k-corrections were provided by the kcorrect v4.1.4 code.
used galaxies for which kcorrect could successfully fit multiple components to the observed SED (giving a reduced χ 2 of order 1) to calculate the median k-corrections. In all bands the scatter between the individual k-corrections and the median values was smaller than the typical photometric uncertainties, so using medians does not affect the luminosity measurements. This is reasonable considering the small colour range of WiggleZ galaxies. The median k-corrections for the F U V , N U V , g, r and i bands are plotted in Figure  A1 . Note that we calculate the F U V luminosity from the N U V apparent magnitude, as many of the galaxies were not detected in the F U V band.
A2 Star-formation rates
We calculated star formation rates using a Salpeter (1955) initial mass function (IMF) and the corresponding star formation rate estimator of Kennicutt (1998) :
where L is the galaxy luminosity in ergs s −1 Hz −1 . We measured the luminosity from 1500Å to 2500Å as this minimises contamination of ultraviolet emission from other more long-lived stars, and avoids the Lyman-α feature (Kennicutt 1998) . We calculated the luminosities using median kcorrections (calculated as above and plotted in the top panel of Figure A2 ) from the apparent N U V magnitudes to a restwavelength band defined by a top-hat filter from 1500Å to 2500Å.
We used the β-IRX correlation (Meurer et al. 1999; Calzetti et al. 1994 Calzetti et al. , 2000 between the ultraviolet slope (β) of a galaxy spectrum and the excess infrared flux due to dust (IRX) to predict the UV dust attenuation (e.g. Seibert et al. 2005) . The relation depends on galaxy type and luminosity (Bell 2002; Cortese et al. 2008 ), but our galaxy colours cluster around N U V − r ∼ 1 (see Fig. 5 of Drinkwater et al. 2010 ) so we adopt a single β-IRX relation calibration, for starburst galaxies (Seibert et al. 2005 ). (The reddest WiggleZ galaxies are more like Im or Sc galaxies, but the relation for quiescently star-forming spiral galaxies (Salim et al. Figure A2 . The Gaussian smoothed median k-correction (top) and corrections for internal dust (bottom) as a function of redshift. We use these to derive SFRs from the apparent N U V magnitudes.
2007
) changes the dust correction by at most 0.1 mag which is small compared to the scatter in these relations.) The WiggleZ galaxies have a small range of luminosity at each redshift, so we can use a calibration which is only a function of redshift. The Seibert et al. (2005) calibration gives the dust correction for the F U V band. To obtain the dust correction at 2000Å we scale the correction by 0.857 (calculated from the Large Magellanic Cloud extinction curve in Eq. 4 of Calzetti et al. 2000) . The 2000Å dust correction is therefore: A2000 (mag) = 0.857 × (1.74β + 3.79), where β = 2.286(F U V − N U V ) − 2.096 (also in accordance with Seibert et al. (2005) ). The median dust correction of our sample is plotted as a function of redshift in the bottom panel of Figure A2 .
APPENDIX B: REFERENCE GALAXY SAMPLES
We constructed optical-(R < 22.5) and N U V -(N U V < 22.8) limited galaxy samples to compare with the WiggleZ selection using the AEGIS region of the DEEP2 optical redshift survey (Davis et al. 2003 (Davis et al. , 2007 . We chose this region because it also has deep GALEX UV imaging (Davis et al. 2007 ) for a common area of ∼0.75 sq. degrees, slightly smaller than a single GALEX field. The AEGIS region also has more complete spectroscopic data than other DEEP2 regions: the redshift completeness ranges from 60 per cent (at R = 21.5) to 40 per cent (R = 22.5). The DEEP2 photometry is complete to B < 24.5, R < 24.2 and I < 23.5 and accurate to ∼0.02 magnitudes (at 18 mag) (Coil et al. 2004) 5 . The astrometry is accurate to 0.5 ′′ (Davis et al. 2003 (Davis et al. , 2007 .
5 Brown et al. (2007) found that there is a systematic uncertainty in the DEEP2 photometry, with DEEP2 systematically underestimating the B, R and I photometry by ∼0.15 magnitudes. As we only use the DEEP2 dataset for an internal comparison to itself, this is not a significant problem.
The GALEX UV observations of the AEGIS region consisted of 90 exposures, each the equivalent of a normal Medium Imaging Survey (MIS) exposure (as used for the WiggleZ survey). The GALEX PSF is relatively large, leading to possible confusion at these faint magnitudes, so the UV photometry was based on positions from deep optical r-band imaging from the Canada-France-Hawaii Telescope Legacy Survey (CFHTLS) (Martin et al. 2007 ). The resulting catalogue has F U V, N U V, u * , g ′ , r ′ , i ′ , and z ′ photometry complete to 25, 25, 27, 28.3, 27.5, 27 and 26.4 magnitudes respectively, with astrometry accurate to 0.2 ′′ (Davis et al. 2007; Martin et al. 2007 ). This GALEX/CFHTLS catalogue does not include any CFHTLS optical sources where a deep GALEX source was not detected. We matched the DEEP2 and GALEX/CFHTLS catalogues with a matching radius of 1 ′′ after applying a magnitude limit of r < 23 to the GALEX/CFHTLS catalogue to reduce confusion by fainter sources. This process matched 97 per cent of the GALEX/CFHTLS sources to DEEP2 sources. We calculated star formation rates using the DEEP2 B magnitudes and/or the GALEX N U V magnitudes as available. The two estimates were consistent when both measurements were available .
The optical reference sample was constructed by taking all the DEEP2 sources brighter than R = 22.5 for which a redshift was measured, with the corresponding GALEX/CFHTLS photometry if available. No UV photometry was used in the definition of this sample. The spectroscopic completeness weights for this sample were calculated as a function of their R magnitude.
The UV reference sample was constructed from the combined DEEP2 and GALEX/CFHTLS catalogue by selecting GALEX sources brighter than N U V = 22.8 and requiring that the redshift was measured in DEEP2. There is an implied optical limit (R < 24.2 ) in this process, but a negligible number of galaxies was excluded by this limit. The weighting for spectroscopic completeness was again calculated according to R magnitude.
The AEGIS field is not part of the WiggleZ survey, but we simulated 90 independent realisations of a GALEX MIS observation of the same set of objects as follows. First, we matched each GALEX MIS observation to the combined DEEP2 and GALEX/CFHTLS catalogue with nearest neighbour matching in a radius of 5.5 ′′ (determined as above and using the CFHTLS astrometry for consistency). We then converted the CFHTLS g ′ r ′ i photometry to SDSS gri using colour equations from Stephen Gwynn (priv. comm.) so that we could apply the WiggleZ target selection criteria to each sample.
APPENDIX C: SELECTION FUNCTION C1 UV and optical images
The WiggleZ survey extends fainter than the 100 per cent completeness limits of its two main selection bands (N U V and optical r; see Table 2 ). The selection function therefore includes terms for the completeness (the probability a galaxy is detected) of these two input catalogues as a function of apparent magnitude.
We measured both the N U V and r completeness func- tions using the same method. We fitted curves of the following form to the number counts in each band:
where the error function term describes the deviation from power-law counts as the sample becomes less complete at faint magnitudes. Using these fits, the completeness of a magnitude m galaxy is
We fitted the curves using the Levenberg-Marquardt method (Levenberg 1944; Marquardt 1963 ) and the implementation in Press (2002) . To avoid singularities in phase space when fitting, we seed the Levenberg-Marquardt method with the result of a χ 2 minimisation. We used the covariance matrices provided by this method to obtain the uncertainties in the fitted parameters and C(m). We show an example of this curve fitting approach and the corresponding completeness in Figure C1 .
We measured the N U V completeness in each GALEX tile separately as the exposures varied significantly from tile to tile. For the optical (SDSS r-band) catalogues there was no evidence of any significant variation in completeness across any of the survey rectangles, so we fitted a single completeness function to each survey rectangle.
C2 Spectroscopic completeness
We define the spectroscopic completeness as the probability of a target being observed and the observation resulting in a redshift. For the luminosity function calculation it is sufficient to calculate the average of this function over each GALEX tile. This is in contrast to our clustering measurements where all the spatial information must be measured (e.g. Blake et al. 2009 ).
During the survey we prioritised the targets for spectroscopic observation on the basis of r-band magnitude (see Table 2 ). We therefore measured the spectroscopic completeness for each priority band separately. We used binomial statistics to estimate the uncertainty in these completeness values.
C3 Modelling F U V aperture magnitudes
The F U V − N U V colour selection -unlike the other colour selection terms in Table 2 -does not impose a direct constraint on a galaxy's observable redshift range. This is partly because this criterion allows a galaxy to satisfy the F U V − N U V colour selection in two different ways (F U V − N U V 1 or undetected in the F U V ). The other contributing factor is that aperture photometry was used for the F U V magnitudes. We include the F U V − N U V colour selection in the selection function by treating it as an additional completeness term, CF U V ap−corr. In this section we present a model of the F U V measurements and test it against our GALEX data. We then use it to calculate the F U V − N U V completeness term.
The WiggleZ F U V measurements were calculated in 6 ′′ apertures centred on the N U V detections (Drinkwater et al. 2010) . This had the disadvantage that many of the fainter F U V measurements are dominated by random noise and background subtraction artifacts. We modelled the F U V aperture fluxes as the sum of a source flux and a local background flux. We measured the distribution of background fluxes in each GALEX tile using the point sources (radius 5 ′′ ) detected at S/N 3 in the N U V . We measured the F U V background flux for each point source from the difference of two apertures significantly larger than the source (17.3 ′′ and 12.8 ′′ ). Note that we apply the aperture corrections in Morrissey et al. (2007) when calculating background fluxes.
We tested this model by predicting the distribution of F U V aperture magnitudes as shown in Figure C2 . As in Appendix C1 we assumed a power-law underlying source distribution and fitted the standard distribution function,
to the aperture F U V distribution for mF U V 25.35. This is sufficiently bright that the source fluxes dominate the aperture F U V magnitudes. We then added a random background contribution to the galaxies at each magnitude using the background flux distribution. The predicted counts from this model agree much better with the data than the normal completeness function ( Figure C2 ). Note that no fitting was carried out to match the faint end of the aperture F U V distribution. We confirmed that the model predictions for all GALEX tiles used in our analysis matched the measured aperture F U V distributions.
We incorporated this model of the F U V aperture magnitudes into the selection function as follows, We predicted the apparent F U V and N U V model magnitudes of a galaxy at each redshift and applied the aperture correction to obtain the source flux contribution to the F U V aperture magnitude. We then used the background flux distribution (for the GALEX tile) to determine the probability that the sum of the source flux and background would give F U V − N U V 1, which we denote C U V col . Finally, we combine this with the tile's detection rate (this is C(m) for the F U V band), CF U V , to calculate CF U V ap−corr for this galaxy as a function of redshift,
The first term is the probability the source is detected and satisfies F U V − N U V > 1 and the second term is the probability the F U V is not detected. The main effect of this CF U V ap−corr "completeness" is to add an effective low redshift limit to the observable volume. For luminous galaxies (MNUV −20.5) the first term dominates because the galaxy is detected in both F U V and N U V and produces accurate F U V − N U V colours at z < 0.6. The F U V − N U V > 1 colour term then functions as intended to impose a redshift limit of z < 0.6. As the galaxies become less luminous the second term starts to dominate as the F U V detection fails, so the the cutoff redshift moves to lower redshifts.
APPENDIX D: DETAILS OF LUMINOSITY FUNCTION RESULTS
D1 Luminosity function diagnostics
The 1/VMAX estimator assumes that each galaxy is a single realisation of a Poisson process within the galaxy's maximum observable volume. This is not valid in the presence of galaxy evolution and/or clustering. We tested this assumption by calculating the mean value of the statistic Ve/VMAX at each redshift Ve is the volume interior to a galaxy's redshift and VMAX is the maximum observable volume discussed earlier; if the 1/VMAX assumption holds, the sample mean of Ve/VMAX is 0.5 and the standard deviation is 1/ √ 12N (Avni & Bahcall 1980) . We calculated the mean values and uncertainties of V /VMAX for the samples in each ∆z = 0.05 redshift interval. The uncertainties were dominated by systematic uncertainties in the volumes (typically 5 per cent) as the large sample size gave very small statistical uncertainties. In each bin measured, the mean Ve/VMAX was not significantly different to 0.5, although the differences became significant if the redshift bins were any larger. Therefore we can reliably apply the 1/VMAX estimator to our sample in the redshift bins we have chosen.
We also tested the VMAX calculations by calculating the luminosity functions separately in the three different survey regions and comparing the results. For this purpose we integrated the luminosity functions over the whole 0.1 < z < 0.9 redshift range. The result is not a true luminosity function as the redshift range varies with luminosity, but it does serve as a measure of the total counts at each luminosity in each field. The resulting functions, shown in Figure D1 , show no systematic differences between fields. We also show in Figure  D1 the integrated luminosity functions after correction for the low-redshift rejection cuts (as dotted lines). These also demonstrate no significant difference between fields, showing that our calculation of the LRR correction is consistent across the survey. We repeated this analysis for the r-band luminosity functions. These are not plotted, but they show a similarly close agreement between the three survey regions (with and without the LRR correction), again indicating there are no systematic errors between the fields. Figure D1 also demonstrates that our survey region is sufficiently large to minimise the effects of cosmic variance on our results.
To illustrate the importance of the completeness corrections on the luminosity function, we calculated a "raw" 2-D N U V luminosity function, with no correction for the survey completeness. We plot the ratio of the raw 2-D luminosity function to the final corrected 2-D N U V luminosity function in Figure D2 . The ratio is equivalent to the typical completeness of the WiggleZ selection function as a function of redshift and MNUV . The selection function mean is 0.31 and varies from 0.17 to 0.404. The typical values of the CNUV , Cr and Cspec terms of the selection function are consistent with these values.
D2 Correcting the luminosity function for the low redshift rejection cuts
We estimate a correction for the galaxies removed by the low-redshift rejection criteria (LRR) by making two modifications to the approach described in Section 4. Figure D1 . Comparison of the integrated N U V luminosity functions in the three survey regions. For each of the survey regions, the luminosity function (Fig. 5) is integrated over the full redshift range (0.1 < z < 0.9) and plotted as a single solid line. In each case, a second dotted curve shows the luminosity function corrected for the low-redshift rejection cuts. The uncertainties are not plotted for clarity, but these are typically ∼0.2 dex. Note that these are not true luminosity functions -each luminosity bin covers a different redshift range -but they serve to demonstrate the absence of any systematic differences between the survey fields. Figure D2 . Completeness correction applied to the luminosity functions. At each point in luminosity-redshift space, the ratio of the raw luminosity function values to the final corrected luminosity function value is plotted. These ratios are equivalent to the typical completeness applied the C NU V , Cr and Cspec terms in the selection function.
The first modification is to add an additional completeness term to the VMAX calculation which describes the probability a galaxy was removed by the LRR cuts. We calculated this completeness by retrospectively applying the LRR cuts to WiggleZ data obtained before 2007 April (when the LRR cuts were introduced) to calculate the fraction of galaxies rejected as a function of redshift and r magnitude. The second modification was to not apply the LRR colour limits when determining a galaxy's observable redshift range. If we Figure D3 . The correction factor for galaxies removed from the WiggleZ sample by the low redshift rejection (LRR) criteria. This was calculated by retrospectively applying the LRR criteria to WiggleZ survey observations obtained prior to 2007 April (when the LRR cuts were first adopted). The 1 − σ uncertainties are shown, calculated assuming binomial statistics. Figure D4 . The correction for the low-redshift rejection (LRR) cuts applied to the N U V luminosity function. Each cell of the plot shows the ratio of the LRR-corrected to the uncorrected comoving number density of galaxies. This ratio is equivalent to the mean correction that is applied to a given grid element, to obtain the LRR-corrected 2-D N U V luminosity function.
did not re-measure the observable redshift range, we would be artificially truncating the LRR-corrected VMAX values. The resulting correction factor (averaged over r magnitude is shown in Figure D3 .
In calculating the correction, we are assuming that the selection of the galaxies previously rejected by the LLR cuts can be simulated as a function of just z and r. To test this assumption, we independently estimated the correction using the DEEP2 reference galaxy samples described in Appendix B. We then compared the mean redshift distributions (incorporating the DEEP2 spectroscopic weights) of the non-LRR WiggleZ samples and WiggleZ samples to obtain a predicted correction factor. The predicted corrections were consistent the observed values in Figure D3 (assuming binomial statistics). We show the effect of this correction on the luminosity functions in Figure D4 which plots the ratio of the corrected to the uncorrected luminosity functions as a function of redshift and luminosity.
D3 Additional luminosity functions
We present the N U V luminosity function corrected for the LRR cuts then the r-band luminosity functions without and with corrections for the LRR cuts in Figures D5, D6 and D7 respectively.
D4 Numerical values
We present the numerical values for the luminosity functions in Tables D1 to D4 , and the values of analytic fits to them in Tables D5 to D8 . This paper has been typeset from a T E X/ L A T E X file prepared by the author. Table D1 . Numerical values (and uncertainties) for the N U V luminosity functions of WiggleZ galaxies. Figure D5 . The LRR-corrected, N U V luminosity functions of WiggleZ galaxies at 16 independent redshifts. The solid, dashed, dot-dash and dotted lines correspond to Schechter function fits using a fixed faint-end slope of α = -0.5, -1.0, -1.5 and -2. The vertical lines indicate the fitted M * parameters for these fits using the same line styles. The α = −1, 0.4 < z < 0.45 fit is overplotted in blue as a visual reference. Figure D6 . The r luminosity functions of WiggleZ galaxies at 16 independent redshifts. The solid, dashed, dot-dash and dotted lines correspond to Schechter function fits using a fixed faint-end slope of α = -0.5, -1.0, -1.5 and -2. The vertical lines indicate the fitted M * parameters for these fits using the same line styles. The α = −1, 0.4 < z < 0.45 fit is overplotted in blue as a visual reference. Figure D7 . The LRR-corrected, r luminosity functions of WiggleZ galaxies at 16 independent redshifts. The solid, dashed, dot-dash and dotted lines correspond to Schechter function fits using a fixed faint-end slope of α = -0.5, -1.0, -1.5 and -2. The vertical lines indicate the fitted M * parameters for these fits using the same line styles. The α = −0.5, 0.4 < z < 0.45 fit is overplotted in blue as a visual reference. 
